Many earthquakes with various types of focal mechanisms occur along the subducting Philippine Sea slab (PHS) beneath southwest Japan, and the hypocentre distribution is quite inhomogeneous. In this region, distinct non-volcanic deep low-frequency tremors are often observed. To clarify the cause of these apparently complicated and peculiar seismic activities, we first construct a detailed configuration of the oceanic Moho (slab Moho) within the PHS based on a receiver function (RF) analysis. To convert the time-domain RFs into their depth-domain equivalents, we adopt a fine-scaled velocity model based on the traveltime tomography. The depth contours of the oceanic Moho exhibit complexities, but the active region of the intraslab earthquakes corresponds well to the oceanic Moho geometry. In the western part of Shikoku, the intraslab seismicity is very high and the focal mechanisms mainly exhibit normal faults with east-west extension axes. Since the PHS is subducting to the west and the dip angle of the slab becomes steep in the western part of this region, the stress field in this region can be attributed to the slab pull induced by the westwards slab subduction. Similar types of focal mechanisms are observed in the Tokai district with a focal depth greater than 35 km. Since the oceanic Moho exhibits a ridge shape in this region, its stress field can be attributed to the slab pull and the effect of slab bending. Shallow earthquakes in the Tokai and eastern Shikoku regions have strike-slip focal mechanisms and their extension axes are parallel to the strike of the oceanic Moho. These focal mechanisms may be influenced by both the oblique subduction of the slab and low slab dip angle. Earthquakes beneath the Kii Peninsula exhibit strike-slip or downdip compression focal mechanisms with east-west compression axes. Since the Moho beneath this peninsula shows a valley shape, compressional stress occurs around the Moho. Moreover, the slab convergence compresses this valley. This also induces the east-west compression field in this region. We have newly confirmed the existence of an aseismic slab beneath the northern part of the Kinki district, central part of Japan. In this aseismic region, the dip direction of the slab is parallel to that of the slab convergence direction. This tendency is observed in the central part of Shikoku, where the slab seismicity is relatively low. These features imply that the intraslab seismicity is constrained by the interaction between the slab geometry and slab motion. We also revealed the possibility that the oceanic Moho beneath not only Ise Bay but also the Kii Channel has a ridge shape. In both these regions, the non-volcanic low-frequency tremor activity becomes low. More than 80 per cent of the tremor epicentres are distributed within contour depths of 38 ± 3 km of the oceanic Moho. We find that the interaction between the Moho geometry and the plate motion of the subducting PHS plays an important role in determining the local stress field and the location of both seismicity and low-frequency tremors.
the Nankai region (e.g. Ando 1975 ). Fig. 1 shows an index map of central and southwest Japan. To investigate the source regions of these megathrust earthquakes, it is very important to understand the characteristics of current earthquake activity along the subducting plate (slab) and understand the seismotectonics in this region. The seismic activity along the Philippine Sea slab (PHS) is relatively high beneath Japan, but the hypocentre distribution is quite inhomogeneous. The directions of the T-axes of intraslab earthquakes are mainly parallel to the strike of the slab, but these earthquakes have various types of focal mechanisms such as strike-slip, normalfault or downdip extension (e.g. Xu & Kono 2002; Wang et al. 2004) . Hurukawa (1981) revealed that normal-fault earthquakes in the northern part of Kinki district mainly occurred very close to the Moho discontinuity, and he insisted that the bending of the crust affected by the slab subduction induce a tensional stress field in this region. However, since this earthquake activity is quite isolated, it was insufficient to understand the stress field near the slab and/or the Moho discontinuity beneath southwest Japan. Xu & Kono (2002) reported that two types of focal mechanisms are observed beneath southwest Japan and the mechanism variation is related to the changes in the stress pattern that depends on the slab age. Wang et al. (2004) discussed the stress field in the subducting slab beneath southwest Japan from the focal mechanisms and insisted that the margin-parallel extension field can be explained from the mantle resistance to the oblique subduction against the pull of the colder part of the slab.
In southwest Japan, Obara (2002) discovered the characteristic activity of non-volcanic low-frequency tremors. The epicentres of these tremors were distributed in a narrow belt along the subducting PHS from the Tokai region to the northern Kyushu district, but the tremor activity was very low beneath Ise Bay and the Kii Channel. Recently, short-term slow slip events and very low-frequency earthquakes (which occurred simultaneously) were discovered in the epicentre region of the non-volcanic low-frequency tremor (e.g. Ito et al. 2007) . To understand the inhomogeneous hypocentre distribution and peculiar low-frequency seismic activities, knowledge about the configuration of the subducting PHS is necessary.
So far, many models of the PHS beneath southwest Japan have been proposed, based on the local seismicity (e.g. Nakamura et al. 1997; Miyoshi & Ishibashi 2004) and artificial explosion surveys (e.g. Baba et al. 2002) . However, because we have little information about the relative location between the hypocentres and the slab structure, there is some discussion about which part of the slab is described as the models obtained from the local seismicity. Baba et al. (2002) interpolated several results of the reflection and/or refraction surveys and constructed depth contours present at the top of the slab. As each artificial explosion survey was performed within a 2-D vertical cross-section and the total number of profiles was very limited, detailed characteristics of the slab configuration were not distinct. Yamauchi et al. (2003) and Shiomi et al. (2004) applied a receiver function (RF) analysis to teleseismic waves recorded at high-density seismograph networks in southwest Japan and proposed complicated configurations of the oceanic Moho (slab Moho) within the PHS beneath southwest Japan. Yoshimoto et al. (2004) , Chen et al. (2005) , Ramesh et al. (2005) and other researchers presented the RF cross-sections and discussed the location of the PHS, but they did not generate a contoured surface of the Moho. According to the results of the artificial explosion surveys, an extremely thin low-velocity layer exists at top of the subducting slab (e.g. Kodaira et al. 2002; Kurashimo et al. 2002) . Taking their results into consideration, Ueno (2007) calculated synthetic RFs and showed that the converted phase at the top of the slab had the largest positive amplitude because of the subducting low-velocity layer existing at the top of the slab. From this result, Ueno (2007) introduced a new hypothesis that the north-dipping velocity boundary estimated from the RFs beneath southwest Japan was not the oceanic Moho but was the top of the slab. However, Ueno (2007) did not compare the velocity structure estimated by other methods such as traveltime tomography although there is a large difference in the seismic velocity around the top of the slab and the oceanic Moho. Since the thickness of the oceanic crust of the subducting PHS is 5-10 km (e.g. Kodaira et al. 2002; Kurashimo et al. 2002) and the intraslab seismicity reveals a thickness of 5 km (e.g. Nakamura et al. 1997) , this clear P-to-S converted phase interpretation difference strongly influences the indication where the intraslab earthquakes occurwithin the oceanic crust or the oceanic mantle-and the discussion about the seismotectonics in this region.
Since a RF can clearly extract P-to-S converted phases from an observed seismogram, it is very useful to detect the existence of seismic velocity boundaries beneath a seismic station. To discuss the depths of velocity discontinuities from RFs, we convert the timedomain RFs to their depth-domain equivalents by using a locally suitable velocity model. However, since many researchers use a typical 1-D velocity model like IASP91 (Kennett & Engdahl 1991) or JMA2001 (Ueno et al. 2002) , their models of velocity discontinuities may include the estimation error caused by local velocity anomalies. To avoid uncertainties in the seismic velocity as much as possible, velocity inversion analyses using RFs are frequently employed (e.g. Ammon et al. 1990) . Shiomi et al. (2006) revised the RF inversion algorithm and constructed both continental and oceanic Moho geometry beneath southwest Japan.
Dense seismograph networks in Japan provide an abundance of traveltime data about local earthquakes, permitting high-resolution imaging of the velocity structure of the crust and upper mantle (e.g. Matsubara et al. 2008) . In this study, we transform the RFs into their depth equivalents using a suitable velocity model proposed by Matsubara et al. (2008) and construct a new model of the Moho geometry within the subducting PHS. Based on this new model, we try to explain the relationships of the slab-related seismicity and nonvolcanic deep low-frequency tremors with the slab configuration.
D ATA
In Japan, the National Research Institute for Earth Science and Disaster Prevention (NIED) operates a high-sensitivity seismograph network called NIED Hi-net or simply Hi-net (Okada et al. 2004; Obara et al. 2005) . The average station spacing of the Hi-net is approximately 20 km. At each Hi-net station, a three-component short-period velocity seismometer is equipped at the bottom of a borehole (depth >100 m).
We use the teleseismic waveform data recorded at 350 Hi-net stations (shown in Fig. 2 ) located on the western half of Japan for the estimation of RFs. To verify the RF obtained from short-period seismographs, we compare the observed seismograms and estimated RFs at a Hi-net station to those at an F-net broad-band station (Fig. 3) . Fig. 3(b) shows an example of the vertical component teleseismic waves observed at the Hi-net station KTDH and the broad-band seismograph station KMTF. As shown in Fig. 3(a) , the distance between these stations is less than 5 km. Since the broad- band seismograph at KMTF is located on the ground surface at the end of a tunnel, and the short-period seismograph is installed at the bottom of a borehole, the amplitude of KMTF is greater than that of KTDH. However, the waveforms obtained from these two stations are similar to each other. Fig. 3(c) shows the estimated RF for the earthquake shown in Fig. 3(b) . Because of the geological difference near the surface, these RFs are slightly different within a small lapse time range but the P-to-S converted phases with large amplitude, as indicated by the arrows in Fig. 3(c) , arrive at almost the same time for both the RFs. This figure shows that the RFs obtained by the Hi-net seismograph station are very useful to investigate the depths of the velocity discontinuities beneath each station. We select 334 earthquakes observed from 2000 October to 2006 April with magnitude 6.0 or larger and an epicentral distance ranging from 30
• to 90 • (Fig. 4) .
A N A LY S I S M E T H O D

Receiver function estimation
To estimate the RFs, we deconvolve the radial and transverse components of the teleseismic record by their vertical record in the frequency or time domain (e.g. Langston 1979; Ammon 1991; Gurrola et al. 1995) . In the RF estimation process, we sometimes encounter serious instability. This instability is caused by the numerical or signal processing problem (e.g. Park & Levin 2000; Shiomi et al. 2004) , seismic noise (e.g. Langston & Hammer 2001 ) and nearsurface scattering (e.g. Abers 1998). Langston & Hammer (2001) suggested that a time-shifted stacked trace of the vertical component of the waveforms is more useful than each vertical component trace for the estimation of RFs, when the seismic array data are applied to RF analysis and the subsurface structure beneath the seismic array is inhomogeneous. As the Hi-net consists of approximately 800 observation stations located all over Japan and the specification at all the Hi-net stations are almost the same, we use this seismograph network as a large aperture array and adopt the idea proposed by Langston & Hammer (2001) . We select the vertical component traces whose signal-to-noise ratio is 5.0 or greater for each event and stack them. The number of stacked traces depends on each event; its value ranges approximately 30-500. The multivariate autoregressive (MAR) model method (Shiomi et al. 2004 ) is applied to estimate the RFs, but we use this stacked waveform instead of each vertical component trace. To evaluate the stability against the number of stacked waveforms, we apply the bootstrap method and estimate the standard deviation σ of the stacked waveforms. We randomly group 100 waveforms in each bootstrap trial and evaluate the average and estimation error as ±1σ . As shown in Fig. 6 , the stacked waveforms obtained using more than 30 traces are similar to each other and exhibit good stability. This figure demonstrates that the stacked waveforms used in this study have sufficient stability for our analysis.
Because the Hi-net sensor is installed at the bottom of the borehole, we apply a Gaussian low-pass filter with a cut-off frequency of 0.6 Hz to avoid surface reflection phases and other high-frequency noises. Furthermore, a high-pass filter with a corner frequency of 0.1 Hz is also applied to the seismograms to exclude the lowfrequency components induced by the short-period seismometer. To transform the lapse time of the estimated RF into depth, we use a suitable velocity model based on the tomography analysis (Matsubara et al. 2008 ), as mentioned above. Since there is a 3-D velocity anomaly in the region under consideration (e.g. Matsubara et al. 2008) , we should consider the wave diffraction effect to precisely estimate the depth of the P-to-S conversion points. However, the fluctuation in the arrival time caused by the 3-D structural anomaly, like a dipping slab, may be less than 1 s (e.g. Shiomi et al. 2004 ). We apply a bandpass filter with a frequency range of 0.1-0.6 Hz (1.7-10 s) to the observed seismogram employed in our RF study. Therefore, we perform ray tracing within a 2-D vertical cross-section that includes both the station and the hypocentre, and this approximation does not influence the accuracy of our analysis. The ray parameter is evaluated using the IASP91 Earth model (Kennett & Engdahl 1991) where the focal depth and epicentral distance is provided for each event-and-station pair. 
Construction of oceanic Moho geometry
To formulate the vertical cross-section of the radial RF amplitude, we categorize the area under investigation into blocks with a horizontal size of 1.5 km and depth of 2 km. The RF amplitude shown at a certain depth is attributed to the block where the rays pass through the same depth. When two or more rays pass through the same block, we calculate the average of the amplitude over all the rays.
First, we make hundreds of cross-sections of the amplitude of the radial component RFs along the strike of the trench-perpendicular and east-west directions. To construct the depth contours of the velocity boundary in relation to the subducting slab as objectively as possible, we refer to the depth contour proposed by Shiomi et al. (2004) for the Chugoku and Shikoku regions and by Miyoshi & Ishibashi (2004) for the other regions, as the 'assumed slab' depth. We limit the search range for depth within 10 km from the assumed slab, and block depths with the largest amplitude for each horizontal location are automatically read. Next, we smooth the gridding data from this depth information using a spline interpolation technique with tension (Smith & Wessel 1990 ). This gridding data is compared with each vertical cross-section of the RF amplitude, and we manually reselect more suitable depths of positive RF amplitudes if needed. After iteratively performing this smoothing and checking process three times, we obtain the depth contours of the velocity boundary in relation to the subducting PHS. When the dipping interface and/or anisotropic layer exist beneath the station, the azimuthal dependence of the transverse component RF is observed (e.g. Bostock 1997; Levin & Park 1997) . If this azimuthal dependence is observed in the transverse RFs and their amplitudes at a certain depth exhibit a two-lobed pattern, we assume that this azimuthal change is mainly caused by the existence of the dipping interface. Since we can roughly estimate the dipping direction from the polarity change in the transverse RFs, we revise the depth contour to explain this dip direction information for each case.
R E S U LT S Receiver functions and their profiles
We obtained a total of 21138 depth-domain RFs. Fig. 7 shows an example of the depth-converted RFs at the NKTH station. For the radial component RFs shown in the upper panel in Fig. 7 , a distinct positive phase arrived from a depth of 30 km (dashed line) and a clear negative phase arrived immediately above the positive phases. These phase arrivals imply that a low-velocity layer exists beneath the NKTH station in the depth range of 20-30 km. On the other hand, we can find the polarity change in the transverse component RFs (lower panel in Fig. 7 ) at around 190
• -200
• in the backazimuth, at a depth of 30 km. This feature implies that the bottom of the lowvelocity layer, represented as the positive phase arrival in the radial RFs, is dipping from the south to north direction. Fig. 2 . The vertical and horizontal axes denote the depth and backazimuth, respectively. The area coloured in dark grey denotes the positive amplitude of each RF. For plotting the RFs, time is converted into depth by using the tomographic model (Matsubara et al. 2008) .
termined by the Japan Metrological Agency (JMA). To develop the profiles of the RF amplitude, we extract the amplitude information at a width of 40 km (20 km for each side) along the profile (Fig. 2) .
In each middle plate shown in Fig. 8 , except for profile B-B , the positive phase (red) is continuous and descends from the Pacific side (right-hand side of each panel) towards the Sea of Japan (left-hand side)-indicated with the dashed lines. This alignment of the red blocks indicates the existence of a dipping velocity-discontinuity, where the seismic velocity is increasing in the downward direction. This velocity discontinuity corresponds to the S-wave velocity change from 4.3 to 4.8 kms -1 (green to light blue in the lowermost panel of Fig. 8 ) at the depth range of 30-50 km. If the velocity boundary obtained by the RFs corresponds to the top of the slab, pointed out by Ueno (2007) , this boundary should be clearly shallower than the region where the S-wave velocity is greater than 4.5 kms -1 (light blue in the lowermost panel of Fig. 8 ), because the thickness of the oceanic crust is 5-10 km (e.g. Kodaira et al. 2002) . Thus, we suggest that this discontinuity indicates the oceanic Moho of the subducting PHS. The oceanic Moho seems to extend from the northern edge of the slab seismicity not only in the Chugoku-Shikoku region (A-A profile in Fig. 8 ), as already shown by Yamauchi et al. (2003) and Shiomi et al. (2004) , but also in the northern Kinki district (C-C and D-D profiles in Fig. 8 ). In the Tokai district (E-E profile), the leading edge of the slab seismicity is almost similar to that of the oceanic Moho. We also find a dipping red block alignment beneath Awaji Island (B-B profile), although it is not clear because of sparse distribution of seismic stations. Since the downdip azimuth, dip angle and depth of the dipping interface beneath Awaji Island seem to correspond to the downwards extension of the bottom of the slab seismicity shallower than 50 km, this feature shows the possibility that the aseismic PHS also exists beneath Awaji Island. Fig. 9 shows the depth contours of the oceanic Moho of the subducting PHS and the hypocentre distribution of microearthquakes determined by the JMA. In this figure, we select microearthquakes with a magnitude of 1.5 or larger and the range of focal depth from 10 km above and 20 km beneath the oceanic Moho to discuss the relationship between the oceanic Moho geometry and slab-related seismicity, in the next section. Earthquakes located in the greyshaded region or those with a focal depth lower than 25 km are not plotted in this figure.
Configuration of the oceanic Moho
From Fig. 9 , we recognize that the features of the oceanic Moho of the PHS are very complicated, but the contours are in good agreement with the shoreline and microearthquake distribution. The depth contours show a clear ridge shape at Ise Bay and the central part of Shikoku, but the dip angle beneath Shikoku is low. Although the velocity boundary is not clear beneath the Kii Channel and Awaji Island, the slab is bending beneath the western coast of the Kii Peninsula and the eastern coast of Shikoku, where the station coverage is better than that at the Kii Channel. Therefore, there is a possibility that the oceanic Moho is ridge shaped in this region. In the eastern part of Shikoku, where the Kinan Seamount chain may subduct (Fig. 1) , the contour interval is relatively narrow and a deeper portion cannot be detected. Fig. 10 shows a comparison between the 30-, 40-and 50-km-depth contours of the oceanic Moho and the S-wave velocity perturbation at each corresponding depth (Matsubara et al. 2008) . From the comparison between the velocity discontinuity estimated by the RFs and S-wave velocity obtained by the tomographic analysis at depths of 30-40 km (Fig. 8) , we have suggested that the velocity discontinuity corresponds to the oceanic Moho. Fig. 10 shows that the depth contours are mainly located at the boundary between the high-and low-velocity anomalies, shown in blue and yellow, respectively. This figure supports our interpretation even at a 50-km depth.
D I S C U S S I O N Intraslab seismicity
In this study, we construct the geometry of the oceanic Moho, which is not the uppermost boundary of the slab. We propose, however, that (Matsubara et al. 2008) . the geometry of the oceanic Moho directly reflects the shape of the slab. Therefore, in this subsection, we consider the characteristics of the slab seismicity in comparison with those of the oceanic Moho. Fig. 11 shows the dip direction of the oceanic Moho and the focal mechanism distributions. The focal mechanisms shown in Fig. 11 are classified and coloured according to the plunge of the P-, Tand B-axes of each event; therefore, each colour represents a type of focal mechanism. The intraslab seismicity of the PHS in our study region shows a thin-layered single seismic zone, except beneath the southern part of the Kii Peninsula where the possible existence of a double seismic zone has been discussed for events occurring at a depth greater than 50 km (Seno et al. 2001) . Beneath this peninsula, very few earthquakes with downdip compression focal mechanisms occur (Fig. 11) . However, as shown in the C-C profile in Fig. 8 , the double seismic zone is not distinct as the subducting Pacific slab beneath the northeastern part of Japan (e.g. Hasegawa et al. 1978) . Therefore, we discuss the relationship of the Moho geometry with both the upper and lower seismicities. Fig. 12 shows a comparison between the azimuth of the P-and T-axis distributions and the depth contours of the oceanic Moho. Based on the GPS measurements (Miyazaki & Heki 2001) , the arrows in Figs 11 and 12 denote the direction of the crustal velocity field caused by the subduction of the PHS. Miyazaki & Heki (2001) indicated that this crustal velocity field could be explained by the subducting PHS in the Kii Peninsula and Chugoku and Shikoku regions, based on the inversion analysis of the back-slip distribution at the surface of the PHS. Although there is additional movement in the westwards direction of the PHS subduction movement only in the inland area of the western Tokai region, we can assume that these directions correspond to the direction of the displacement of the slab relative to the continental Amurian plate.
From Figs 9 and 11, the slab-related seismicity is high beneath the Tokai district, from the Kii Peninsula to the Kii Channel and from western Shikoku to Kyushu. All these regions correspond well to the regions where the dip direction and/or dip angle of the oceanic Moho change distinctively. On the other hand, we can confirm that the focal mechanisms of the slab-related earthquakes have marginparallel T-axis, and the P-axis is perpendicular to the trough axis, as shown in Fig. 12 . Some researchers proposed that this stress field is induced by the slab pull of the cold and old slab subduction beneath Kyushu (e.g. Xu & Kono 2002; Wang et al. 2004) or by something related to the slab geometry (e.g. Nakamura et al. 1997; Ueno 2007 ). However, their idea does not clarify why the earthquake distribution along the slab is very inhomogeneous, and why earthquakes with various types of focal mechanisms occur in these particular regions. Taking our oceanic Moho geometry into consideration, we find a simple relationship among the focal mechanisms, dip direction of the slab and the displacement vector of the slab motion.
In western Shikoku and northern Kyushu, many normal-fault earthquakes with east-west extension axes are observed (shown as green in Fig. 11 ). Beneath this region, the strikes of the oceanic Moho curves from the east to west in the eastern part and from the north to south in the western part; the dip angle also changes considerably. The Kinan Seamount chain is located off eastern Shikoku (Fig. 1) , and it is a fossil ridge that was spreading from 30 Ma to 15 Ma (e.g. Okino et al. 1994) . Because the subducting slab beneath Kyushu, which is at least 48 Myr old (e.g. Seno & Maruyama 1984) , is colder than the younger subducting slab beneath Shikoku and, therefore, should be more dense, the subduction pull towards the west direction may affect the east-west extension stress field in this region (Xu & Kono 2002; Wang et al. 2004) as shown in Fig. 13 . Earthquakes with a depth of 35 km or larger in the western part of the Tokai district exhibit the similar focal mechanisms. Since the oceanic Moho also forms a ridge shape in the region where these earthquakes occur, the stress fields in this region can be explained by the bending and pull of the slab.
Earthquakes that occur near the coastline of the Tokai district show strike-slip focal mechanisms (shown as red in Fig. 11 ) with east-west extension axes and north-south compression axes. Similar mechanisms are distributed in eastern and central Shikoku. Their focal depths in both these regions are lower than 35 km (Figs 9 and 11). Beneath both these regions, the dip direction of the subducting slab is from the northwest towards the north, indicated by the light blue and blue colours in Fig. 11 . Since the slab displacement is along the west-northwest direction, the stress field for these earthquakes is caused by an oblique subduction of the PHS, resistance force and low dip angle of the slab at a shallower depth.
As we have already mentioned, the strike-slip and downdip compression earthquakes are observed at the central and southwestern parts of the Kii Peninsula, and the P-axes of these earthquakes are almost along the east-west to southeast-northwest directions. The oceanic Moho forms a valley shape beneath the Kii Peninsula. Since the PHS has a 30-km thickness (e.g. Nakajima & Hasegawa 2007 ) and thickness of the oceanic crust is 5-10 km (e.g. Kodaira et al. 2002) , it is easy to imagine the compressional stress occurring around the Moho (Fig. 13) . Moreover, the slab displacement direction is along the west-northwest direction; therefore, the slab convergence compresses this valley-shaped slab. Both slab geometry and slab convergence cause the accumulation of a compressional stress field in this small region.
The earthquake activity is quite low beneath the northern Kinki, the eastern and central Shikoku districts and the Chugoku district, even though the slab existence is confirmed beneath these regions. These low-seismicity regions are also affected by the dip direction of the oceanic Moho and the direction of slab movement. In the northern part of the Kinki district (region indicated by yellow to yellow green in Fig. 11 ) and central Shikoku (light blue to green in Fig. 11 ) where the seismic activity is low, the direction of slab displacement corresponds to the dip direction of the oceanic Moho. Furthermore, the depth contour of the oceanic Moho is simple and the slab dip angle is relatively low. Therefore, the stress accumulation within the slab, caused by the slab subduction in these regions, may be small. Quite a few earthquakes have been observed in eastern Shikoku where the dip direction of the oceanic Moho is from the northeast to east direction, which corresponds to the region indicated by the purple to pink colour in Fig. 11 . Beneath western Tokai and the western Kii Peninsula, where the seismicity is very low, the dip direction of the slab is along the northeast to east direction. Since this dip direction is almost perpendicular to the slab displacement direction, the slab slides horizontally and the stress in the slab may not be accumulated. In the Chugoku district, there is no slab-related seismicity. As the crustal displacement relative to the Amurian plate is fairly small in this region (Miyazaki & Heki 2001) , the stress within the slab does not increase by slab subduction. The intraslab seismicity with a focal depth greater than 50 km is not observed beneath the Kii Channel where the slab seems to have ridge and valley shapes similar to that beneath Ise Bay to the Kii Peninsula, although the slab seismicity is distributed in the west-dipping slope of the slab valley beneath the Kii Peninsula. The slab ridge beneath the Kii Channel is much smaller than that beneath Ise Bay, and it may be difficult to accumulate the compressional stress.
According to the qualitative discussion so far, we suggest that the earthquake activity and focal mechanisms along the subducting slab beneath southwest Japan are strongly affected by the interaction between the direction of slab motion and slab geometry.
Non-volcanic deep low-frequency tremors
Along the subducting PHS from the Tokai district to the northern part of Kyushu in southwest Japan, Obara (2002) discovered nonvolcanic deep low-frequency tremor activities. Obara (2002) and compared the tremor epicentre distribution with the depth contours of the intraslab seismicity constructed by Nakamura et al. (1997) , and they pointed out that the tremor epicentres are distributed along iso-depths from 40 to 45 km beneath the Kii Peninsula, but they are located along the 35-40-km contour lines beneath Shikoku. In these two regions, there seems to be a significant difference in the spatial relationship between the tremor epicentre distribution and slab depths. Moreover, the tremor distribution shows a clear divergence from the strike of the depth contour constructed by the intraslab earthquakes beneath western Shikoku. Fig. 14 shows a comparison between the tremor epicentre distribution determined by and the oceanic Moho geometry estimated in this study. From this comparison, we find that more than 80 per cent of the tremor epicentres, including that in the western part of Shikoku, are located at the oceanic Moho-at depths of 38 ± 3 km. This feature means that the pressure condition in the region where the tremors occur is almost the same as that beneath both Kii Peninsula and Shikoku Island. At Ise Bay, the geometry of the Moho shows significant ridges, and we have shown the possibility of the existence of a slab ridge beneath the Kii Channel. A large Moho ridge exists beneath Shikoku, but the dip angle of the slab beneath Shikoku is small. Taking these slab geometry features into consideration, this region with low tremor activity seems to correspond to a ridge-shaped Moho. We have two possibilities about the relationship between the Moho ridge and tremor activity. The first one is that the Moho ridge causes the low activity of the low-frequency tremors if the pressure and thermal conditions may change because of the existence of this ridge. Shelly et al. (2006) and other researchers have reported that the cause of these tremors is dehydration from the subducting slab. They also insist that the tremor distributes at the top of the slab and the region is very close to the continental Moho. The presence of this very limited tremor activity zone indicates that the condition for tremor occurrence is very strict. This is because the pressure (normal stress) of the oceanic crust may be reduced by tensional stress caused by the ridge shape (Fig. 13 ) and the dehydration of the slab along the 40-km-depth contour may become difficult. It is also easy to imagine that the mantle wedge convection may be distorted and the isothermal contour may also become complicated if the slab geometry exhibits sudden bending. The second possibility is that something unknown is causing both the low-frequency tremors to occur and the Moho to have a ridge-like geometry. We have no evidence and no additional information to discuss these hypotheses at this time.
The tremor activity is observed from northeastern Kyushu to the Tokai district, except at Ise Bay and the Kii Channel. Beneath these regions, the Shikoku Basin is subducting (Fig. 1) . This basin is a young and hot plate because it was spreading along the Kinan Seamount chain until 15 Ma (e.g. Okino et al. 1994) . According to this geological background of southwest Japan, Seno et al. (2001) and Seno & Yamasaki (2003) pointed out that the dehydration of the subducting oceanic crust plays an important role in the occurrence of tremors. However, they did not discuss the cause of the low activity beneath Ise Bay. We suggest that not only the slab composition but also the slab geometry or pressure conditions are significant features in controlling the tremor occurrences.
C O N C L U S I O N S
To explain the cause of inhomogeneous and peculiar seismic activities along the subducting PHS, we have constructed a detailed configuration of the velocity discontinuity related to the slab extending from western Tokai to the northern part of Kyushu district, based on the RF analysis. Comparing the depth of this discontinuity with the S-wave velocity, estimated from the traveltime velocity inversion, this velocity discontinuity matches the oceanic Moho within the subducting slab. When we adopt a fine-scaled 3-D velocity model to convert the time-domain RFs into their depth-domain equivalents, the depth estimation is an improvement compared with those yielded by previous models. From the microearthquake distribution, oceanic Moho geometry and direction of slab motion, we have discovered simple characteristics in the distribution of seismicity, focal mechanisms and tremor activity as follows:
(1) Intraslab seismicity is active in the region where the dip direction and/or dip angle of the oceanic Moho change distinctively.
(2) Normal-fault earthquakes with an east-west extension occur around ridge-shaped slab areas.
(3) Strike-slip earthquakes with margin-parallel T-axes occur in the region where the dip direction of the oceanic Moho is oblique to the slab displacement direction, and focal depth is lower than 35 km.
(4) Strike-slip earthquakes with east-west compression axes occur in the valley-shaped slab areas.
(5) The seismicity is quite low beneath the region where the dip direction of the oceanic Moho is perpendicular or parallel to the slab displacement direction.
In this study, we have newly found the existence of an aseismic slab beneath the northern part of the Kinki district. From these features, we conclude that intraslab seismicity beneath southwest Japan is strongly influenced not only by the slab composition but also by both subducting slab motion and slab geometry.
There may be slab ridges where the activity of non-volcanic lowfrequency tremors along the slab is relatively low. On the basis of our new model, it is clear that most tremor epicentres are located along the 38 ± 3-km depth contour of the subducting oceanic Moho. We claim that the configuration of the slab also plays an important role in tremor occurrences.
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